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@ Oily lubricant for cold plastic processing of metallic material.

€D An oily lubricant for cold plastic processing of metallic
material obtained by compounding either one or both types
of polymers of 2-ethyl polyacrylate-hexyl ester and poly-
methacrylic acid lauryl ester with one or more oiliness im-
provers selected from refined lard, oleic acid, phosphate,
hindered ester, isostearic acid, and C,3 saturated higher
alcohol and which are liquid at room temperature and which
are compatible with the polymers. The oiliness improver is
compounded as a thinning oil at a specified composition
ratio.
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OILY LUBRICANT FOR COLD PLASTIC PROCESSING OF METALLIC MATERIAL

The present invention relates to an oily lubricant for
cold plastic processing of metallic material, and particularly
to an oily lubricant used for cold plastic processing, such as
drawing, contraction of area, rolling and forging of metallic
material.

For cold plastic processing, such as drawing, reduction
in area (drawing), rolling, and forging, of metallic material,
various forms of lubricants are added in order to prevent
frictional damage (burning) of the metal mold, die, etc. and
the material to be processed, such as steel pipe and steel
sheet, and to improve the quality of the processed product as
well as to reduce the wear of the tools.

In conventional drawings oils apd press oils acting as
the oily lubricant, mineral oils or synthetic lubricating oils
are used as the base oil, with oiliness improvers and extreme
pressure additives added thereto. However, they are low in
burning resistance; and when the degree of processing becomes
high and the contact area between the material to be processed
and the tool is increased, they tend to cause film breakage
with resulting burning. Thus, they have only been useable
for relatively light degree processing (for example, sinking),
and it has been totally unfeasible to use them for steel pipe
drawing, etc. under the severe processing conditions that
exist. Also, since they contain extreme pressure additives,
metal corrosion is caused.

In conventional oily lubricants, as the synthetic
lubricating oil acting as the base oil, polybutene, ol -olefin,
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oligomer, polyethyleneglycol, etc. are generally used, and as
the oiliness improver, fats and oils, saturatedand unsaturated
fatty acids with 10 or more carbons, fatty acid esters,
phosphate, alcohol, etc. are generally used; furthermore, as
the extreme pressure additive, chemical compounds containing
sulfur or chlorine afe generally used.

The base oil is a carrier that has the function of
dissolving the oily lubricant and the extreme pressure additive
in a homogeneous and stable manner and to carry them into the
portions needing to be lubricated. Mineral oils and sythetic
lubricating oils do not have strong polar groups and they are
low in lubricating ability. Accordingly, they cannot be used
as the lubricant by themselves; however, they do not generally
suffer chemical changes such as oxidation and deterioration, and
thus, they are used asthe base oil.

The oiliness improver is the material that is fed by the
base 0il to the metal friction surface regquiring lubrication,
and the lubricating effect is produced by the oiliness improver
being adsorbed. Fats and oils, fatty acids, etc. are long
chain compounds with high molecular weight, and they have a
strong polar group at one end of the molecule. By the action
of such polar group, the molecules are strongly adsorbed on
and configured along the metal surface, thereby forming an
adsorption film. Furthermore, because of the mutual
attraction between the long molecular chains configured to
make the adsorption film, the film becomes firm and strong,
and exhibits a lubricatingeffect, to reduce the friction.
However, as the temperature increases, the configuration of
molecules become disordered, and at about 150°C, the film
separates, and the lubricating effect is lost. Since the
oiliness ‘improver loses its lubricating effect when the
temperature reaches 150°C or above, the addition of an
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oiliness improver under severe lubricating conditions is not
effective. Instead, an extreme pressure additive that
exhibits the desired lubricating effect at high temperature
is added.

The extreme pressure additive is the material that is
supplied, in the same manner as the oiliness improver, to the
metal friction surface requiring lubrication, by the base o0il,
and forms a film on the metal surface, by chemically reacting
with the metal when the degree of plastic processing becomes
high and the contact area between the material to be processed
and the tool becomes increased with the resulting extreme
pressure condition which accompanies high temperature and high
pressure. Throughithe formation of the film mentioned above,
the extreme pressure additive prevents the burning by reducing
the friction, and improves the burning resistance of the
lubricant. Chemical compounds containing chlorine or sulfur
are different in reaction temperature range, respectively.
Therefore, they are added in accerdance with their purpose
and use, when:used together with the base oil and the oiliness
improver. For the extreme pressure additive containing
chlorine, a chlorinated paraffin is used in many cases, and
at 150°C to 25000, the C-Cl bond is broken due to thermal
decomposition, and Cl2 or HCl1 is formed. Thus, the extreme
pressure lubricating effect is shown. However, such extreme
pressure additive has a disadvantage that, when water is
present, hydrolysis is caused, and HCl is liberated, thereby
causing serious corrosion. The boundary lubrication
temperature range of the sulfur compounds is about 250°C to
350°C.

Also, as the conventional oily lubricants, there are
those containing, in addition to the abovementioned three
types of components, solid lubricants, such as graphite and
molybdenum disulfide, which are mixed therewith in order to
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improve the burning resistance. However, such oily
lubricants tend to cause the burning, and in the same manner as
the other oily lubricants, they can be used only for relatively
low degreé processing work (for example, sinking). Besides,
such oily lubricants have disadvantages including the fact
that the 0il supply becomes difficult because of the presence
of the solid lubricating agent, that they accumulate in the
metal mold, or that they cause maintenance problems.

As has been described above, in the use of the oily
lubricant, by means of the base o0il, the oiliness improver
and the extreme pressure additive are supplied to the metal
friction surface and adsorbed thereon. Then, in the
temperature range from room temperature to about 150°C, as
the fluid lubrication range in which the oiliness improver
serves to maintain the o0il film, the oiliness improver shows
the desired lubricating effect; however, in the boundary
lubrication range with higher temperature and with severe
processing condition, the extreme pressure additive functions
to maintain the oil film and exhibits a lubricating effect.
However, in view of the low degree of the actual lubricating
effect of the oily lubricant, due to its low burning
resistance, the lubricant is only sufficient for low degree
plastic processing for steel pipe drawing, etc.

On the other hand, the oily lubricant can be used be
merely applying it to the surface of the metal to be processed.
Therefore, the process is simple and it is also quite easy to
remove the lubricant after processing.

Accordingly, various methods for improving the burning
resistance of a lubricant as mentioned below have been
employed conventionally.
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For example, in the cold drawing of steel pipes, the
following methods have been used:-

a) The steel pipe is treated with a chemical conversion
coating (for example, phosphate coating, oxalic acid oxidation
coating) in advance, and is alsoc provided with a secondary
lubricant (for example, metallic soap, such as sodium stearate,
and oil).

b) The steel pipe is coated with a liquid form synthetic
resin (liquid obtained by emulsifying a synthetic resin, or by
dissolving the synthetic resin in a solvent) in advance, and
the coating is solidified by drying.

Also, in the drawing of sheet form metallic material, the
following methods have been used:-

c) The lubrication film is thickened by directly coating
the material with press oil that is made specifically high in
viscosity.

d) Press oil with extreme pressure additive added thereto
is used for directly coating the material.

e) After coating the material with a solution of
synthetic resin, such as vinyl chloride resin, hardening by
drying is carried out.

f) The synthetic resin film is directly adhered to the
surface of the material to be processed.

However, these methods are not satisfactory in terms
of simplicity in lubricating treatment, readiness for removal

after processing, and the clearness of the metal surface.
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From a practical point of view:

Method a) mentioned above enables the lubricant to show
sufficient'lUbricating effect even when the degree of
processing (draft) is high. However, since the lubricant
is of the chemical reaction type, it is difficult to control
the processing solution; and also because thelife of the
lubricant is short, it is necessary to carry out waste
solution disposal treatment frequently. Thus, this method
has an economic problem, and at the same time, it may cause
environmental pollution. -Besides, since the lubrication
film adheres so well, it is difficult to remove the film from
the product after processing. Furthermore, since the
processing is of the chemical reaction type, and if the material
is highly anticorrosive, the chemical treatment itself is
difficult to carry out, and homogeneous chemical conversion
coatings cannot be formed.

Method b) is to physically adhere the film over the
surface of the metallic material, and a lubricant having
lubricating characteristics superior to those obtained by
method a) is produced. However, the method suffers from the
disadvantage that it requires extensive drying in order to
obtain the lubrication film. Also, the removal of the film
after the processing becomes more difficult as the lubrication
film becomes stronger.

Method c) is defective in that the processability becomes
lower with an increase in viscosity; and

Method d) is disadvantageous in that, since it uses a
somewhat restrained corrosion reaction, severe corrosiveness
is caused by the presence of water, etc.
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Methods e) and f) make it possible to perform drawing of
a high degree in draft and deep drawing which are not
achievable by the drawing oil and press oil. However, they
have the shortcomings in that they require strenuous work
for drying and adhesion of the resin film, and also in that
they are considerably higher in cost in comparison with the
drawing oil and the press oil.

As has been mentioned above, while conventional
lubricants have characteristic effects, respectively, every
one of them has one or more disadvantages.

The present invention is intended to at least minimize
the above-mentioned disadvantages of the prior art, and the
object of this invention is to provide an oily lubricant for
cold plastic processing of metallic material, that has a
burning resistance nearly equal to that of lubricants obtained
by conventional chemical conversion coating or synthetic film
coatings, for the range from the fluid lubrication range to
the boundary lubrication range.

Another objedt of this invention is to provide an cily
lubricant for cold plastic processing of metallic material
that does not cause corrosion to the metallic material.

According to the present inventionthere is provided an
oily lubricant for cold plastic processing of metallic
material comprising one or both of the polymers selected from
2-ethyl polyacrylate-hexyl ester and polymethacrylic acid
lauryl ester compounded with at least one type of an oiliness
improver which is liquid at room temperature and which is
compatible with said polymers,as a thinning oil, in a
predetermined ratio.
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We have found that an oily lubricant is obtained if the
polymers of either one or both of 2-ethyl polyacrylate-hexyl
ester and methacrylic acid lauryl ester are compounded with one
type or not less than two types of oiliness improvers which are
liquid at room temperature and also which are compatible with
the foregoing polymers as a thinning oil, in a specified ratio.
As suitable oiliness improvers which are liquid at room
temperature and which are compatible with the polymers
mentioned above, there may be mentioned refined lard, oleic
acid, phosphate, hindered ester, isostearic acid, and C
saturated high alcohol, and mixtures thereof.

18

The inventors of this invention embarked on a study of
an oily lubricant which is lowest in burning resistance among
those applied in various types of lubrication processing
methods, but which is able to simplify the process and is
easily removable after the processing, in order to eliminate
its corrosiveness to metals and to provide it with a burning
resistance comparable to the oily lubricant obtained by
conventional chemical conversion treatments or coating
treatments, thereby making it feasible to actually apply
it to the drawing of steel pipes.

First, the inventors decided to recheck the defective
points of the conventional oily lubricants.

(1) The corrosiveness to metals is derived from the
extreme pressure additive contained in the oily lubricant;
and as far as the extreme pressure additive is concerned,
the corrosiveness to metals is unavoidable.

(2) Mineral oils and synthetic lubricating oils used as
the base o0il are chemically stable at high temperatures and
under high pressure, but they are extremely low in burning
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resistance. Because of the above, the oiliness improver and
the extreme pressure additive are added.

Based on the above-mentioned understandimgs, the
inventors started to discover, from high molecular weight
compounds, a substance which is chemically stable (non-
reactive), and which shows a far higher burning resistance
(degree of o0il film strength) than that shown by conventional
ones, even in the boundary lubrication range (high temperature,
high pressure), without using an extreme pressure additive.

The inventors expected that, of the high molecular weight
compounds (polymers), those with markedly high molecular
weight are high in chemical stability and suitable as the
base o0il, and also that some of them are high in burning
resistance.

Accordingly, it was decided that, from innumerable high
molecular weight compounds, those which do not need to be
dissolved (those which are not in the form of a paste, powcer,
grain, or lump. at room temperature) were to be selected. As
a result, four types of substances which are liquid at room
temperature were found, viz. (1) polybutene, (2) a copolymer
of ethylene and &4 -olefin, (3) polybutadiene, and (4) butyl
polyacrylic ester. Then by investigating their physical
properties (average molecular weight and viscosity), the
results shown in Table 1 were obtained. For these four
types of substances there followed a Bauden test. and a
drawing test as the evaluation method for the lubrication
characteristics, and the results obtained are shown in
Tables 2 and 3. For the Bauden test, each sample agent
was coated over the surface of the stainless steel (SUS 304),
the test temperature was maintained at lDOOC, a steel ball
of 3/16' in diameter was pressed onto the coated surface
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with a 2 kg load, and it was made to reciprocate at a speed
of 0.8 mm/sec. Under the foregoing conditions, the
variation in the coefficient of friction of the samplé agent
was checked. Then, the coefficient of friction 4 at the
initial time and the number of frictions until reaching

“ = 0.2 were evaluated as the burning resistance.
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Table 1 (Physical Property)

Sample Average .
Agent Molecular Viscosity
Tested ‘Weight (Mw) 100°C (c»)
1 2,350 4,000
2 3,600 2,000.
3 2,800 360
4 17,000 580
Table 2 (Bauden Test)
Number of Times Of
Coefficient Frictions until
of Friction 4 Reaching to A&=0.2
0.198 7
Higher than 0.2 » 0

0.160 - Not less than 100
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Table 3 (Drawing Test)

1 2 3 4
Internal
State of Pipe Surface. 0 X ©
External
Surface a 0 & ©
State of Plug XX o] X c]
Drawing Load (ton) 7.1 7.5 7.3 6.9
Plug Thrust (ton) l.6 1.4 1.4 1.2

Remarks:

1.

Evaluation of the state of pipe

XX ... Burniﬁg is extensive.

X ... Slightly burnt.

A -+« Metallic lustre and streak due to oil film breakage

are Qbserved. |

O ... Slight streak.

® ... No abnormality is observed.
State of plug
XX ... Buﬁning is extensive.

X ..: Slightly burnt.r

QO ... Cloudiness is obseived.

@ ... No abnormality is observed.
Drawing load ... Indicated with maximum drawing load (gross
drawing load).

Plug thrust ... Indicated with maximum plug thrust.

Tested under the drawing condition IV in Table 13.
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In Table 2, the friction coefficient 4 of (4) is 0.160,
and this is considerably smaller than the general maximum
threshold value 0.2 suitable for the lubricant. Also, the
number of times of friction until the friction coefficient A4
exceeds 0.2 is remarkably large (100 or above). Also in
Table 3, (4) shows a noticeably high value for the drawing
test.

Therefore, it was decided that, of the tested agents (1)
to (4), butyl polyacrylic ester of (4) alone was preferable.

Thus, the inventors predicted that high molecular weight
compounds having a molecular structure similar to that of
butyl polyacrylic ester would be high in lubricating
performance, and looked for ones which are in a liquid state
at room temperature, selected from polyacrylic acids,
polymethacrylic acids, and copolymers of acrylic acid esters
and methacrylic acid esters.

Because polyacrylic acids are low in Tg (glass transistion
temperature), although it depends on the number of carbons in
the ester portion, many of them are in a liquid state at room
temperature.

In general, polymethacrylic acids are high in Tg.
Accordingly,mmany of them are in powder form or solid state
at room temperature. Of such methacylic acids, those found
to be in a liquid state at room temperature were polymeth-
acrylic acid lauryl ester and 2-ethyl polymethacrylate-hexyl
ester.

Since the copolymers of acrylic acid ester and methacrylic
acid ester are either excessively viscous or in a solid state
at room temperature, they were excluded by deciding that they
are not suitable for the purpose of obtaining the liquid
lubricant.
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Table 4 shows the physical properties (average molecular
weight and viscosity) of the selected high molecular compounds.
Tables 5 and 6 show the results obtained for the drawing test
conducted with regard to the burning resistance.

As shown in Tables 5 and 6, every one of the high molecular
compounds selected as shown in Table 4 was better than commercial

products in results. Those showing particularly good results
were (7) and (9).

Table 4
.‘gample Average
Agent’ Molecular . Viscosity
No. Tested Weight (Mw) 100°C (co)

4 Butyl polyacrylate
estgr - 17,000 580

5 Butyl polyacrylate .
ester : 14,000 370

6 Ethyl polyacrylate ) :
ester = - 21,000 690

7 2-ethyl-polyacrylate
-hexyl ester : 14,000 470

8 2-ethyl-polymethacrylate
-nexyl ester 20,000 1,308,000

9 Polymethacrylic acid _
lauryl ester 48,000 4,420
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Table 5
Number of Sample 4 5 6 7 8 9 Commercial
Agent Tested Product
********************w**t*******xft***at*xﬂ******x****an**xwx*xw*w*
Drawing ©State Internal o) ) e 0 ® . ® o
Test of Suriace
. Pipe External ) ) 6 ) Y ® ®
Surface
State of Plug o e 0 ° oy e o

Maximum Drawing ]
Load (ton) 6.7 6.7 6.7 6.7 6.8 6.7 6.8

Maximum Plug
Thrust (ton) 1.0 1.1 1.2 1.0 1.3 1.2 1.3

Remarks:

1. Commerical product is G-755B metal working fluid. (product name) from
¥ippon Xosakuyu Co., Ltd. A lubricating oil for drawing, that contains
chlorinated paraffin as primarg component; viscosity 100°C (cp) = 30.

2. The test was conducted under the drawing test condition I in Table 13.
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Table 6
Number o Sample Commercial
Agent - Tested 4 3 6 7 8 S Product

***2***********:****t****:*x***x*x:*t**:::*t:t*x****t:x:**xxr:rx-xx

Drawing S&State Internal
Test of Suriace o 0 0 © .0 ® a
: Pipe External
Surface Q (0] © © Q (0] 0
State of Plug @ 9] c] (o} Q ® X
Maximum Drawing 7.0 7.0 7.1 7.1 7.2 7.0 7.3
Load (ton) }
Maximum Plug 1.3 1.4 1.4 1.3 1.4 1.4 1.4
Thrust (ton) :
Remarks:

1. Commercial product is G-
Hippon Xosakuyu Co., Ltd.
cnlorlnated paraffin as pri

7558 metal working fluid (product name) from
A lubricating oil for draw;ng, that contains
mary component; viscosity 100°C (cp) = 30.

2. The test was conducted under tne drawing test condition II in Table 13.
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According to Tables 5 and 6, all of the high molecular
compounds selected as listed in Table 4 are high in viscosity
in comparison with the commerical products. Therefore, the
inventors estimated that the single use of them would lower
the workability. It is to be noted that in the ordinary
operation, unless the kinematic viscosity at 50°C is 1,000 cst
or below, the oil supply becomes difficult to use.
Consequently, since 2-ethyl polymethacrylate-hexyl ester of (8)
is extremely high in viscosity, it was thus evaluated to be
impossible to put into actual use, and it was excluded.

Next, a study was conducted by aiming to lower the
viscosity without lowering the lubricating performance (burning
resistance). As the method to lowerthe viscosity, a thinning
0il that is 150°C or above in flash point and that is a low
viscosity liquid at room temperature was considered. As the
thinning oil, generally, an oiliness improver is used. As
was mentioned in the beginning, as the oiliness improver,
there are fats and oils, saturated or unsaturated fatty acid
with ten or more carbons, fatty acid ester, phosphate,
alcohgl, etc., but those which are liquid with low viscosity
at room temperature and which are 150°C or above in flash
point are, for example, (a) refined lard, (b) oleic acid,

(c) phosphate, (d) hindered ester, (e) isostearic acid, and
(f) C18 saturated higher alcohol; and while (g) mineral oil
is used as a'base o0il, it is generally used also as the
thinning oil.

The thinning oils of (a) to (g) mentioned above are
not usable practically as they are, and their compatability
with the above-mentioned components (4), (5), (6), (7) and (9)
which are to be compounded with them must be satisfactory.
Therefore, all possible combinations between (4), (5), (6),
(7) and (9) and (a) to (g) were taken into consideration,
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and they were compounded at a ratio of 1 : 1 in % by weight,
and the compatability was checked. Thus, the results as
shown in Table 7 were obtained.

Then from Table 7, it was determined that (7) and (9)
are high in compatibility with respective types of oiliness
improvers (a) to (f) as well as with (g) and thus they are
suitable for the purposes of this invention, and the range
of the compounds to selected was narrowed down to 2-ethyl
polyacrylate-hexyl ester of (7) and polymethacrylic acid lauryl
ester of (9).

The oiliness improvers are not limited to (a) to (f)
mentioned above, but since they are liquids at room temperature
and are compatible with the above mentioned polymers, they can
be used as the oiliness improver in this invention.

In addition, although the oiliness improver is
compounded, its significance is different from that in
conventional cases. As shown in Tables 5 and 6, since (7)
and (9) show a high burning resistance by themselves, unlike
in conventional synthetic lubrication oils, they are not to
function as the base o0il. The oiliness improver is added as
a thinning oil.
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Table 7
Number of Sample , '
Agent Tested 4 5 6 7 8 9

Mineral 0il

(machine-10)

Refined Lard X IaY X 0 --- 0
Oleic Acid o 0 X o©o ---_. o
Phosphate | o o) A 0 =-- 0]
Hindered Ester A a3 A O --- O
Isostearic Acia X A X 0 --- -0

Cy1g Saturated
Higher Alcohol

Remarks: O ... Completely compatible
H& ... Clouded liquid state, tended to separate
X ... Completed separated into two layers
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Following the above, with each of 2-ethyl polyacrylate-
hexyl ester of (7) and polymethacrylic acid lauryl ester of
(9), (a) to (g) were compounded, respectively. By using them,
many types of test oils were prepared by adjusting the
compounding ratio so that the kinematic viscosity at 50°%C
becomes about 80, 150, 300, and 600 cst. Then, again, the
compatibility and the burning resistance based on the drawing
test were checked anew, and the results shown in Table 8,
Table 9, Table 10 and Table 11 were obtained.

In Table 8, Table 9, Table 10 and Table 11, three
types, that is (a), (b) and (c), are compounded with 2-ethyl
polyacrylate-hexyl ester of (7) and polymethacrylic acid
lauryl ester of (9), but it does not means to exclude (d)
hindered ester, (e) isostearic acid, and (f) €,g saturated
high alcohol. Any ociliness imrpover that is liquid at room
temperature and that is compatible with the above-mentioned
polymers may be used.
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(50°C Kinematic Viscosity about

NO. OF TEST SAMPLE OI dl H2 RL 3 p;.;
% by weignt 3 0 - 43 29
of lubricatingl A I’
components g L 29 20 30
T O
21 .57 71
IL O1I
N IM 71
I. L?®
N R
G 0 80
A v
E 70
R
Compatibility o 0 o 0 o]
50°C Xinematic
Inteznal .
ggg :;ate Sur,acel X o X o) o}
4 .-xte-..a.
% .?. g 2178 Surface a o A o 0
§ T |state of Plug X 0 o o o
G I
0 | Maximum Drawin :
N Load 9 7.0 6.9 7.1 6.8 6.85
I (ton), -
I (%900 yaximun Plug 1.5 1.4 1.4 1.3 1.3
Thrust :
-~ m Snara LRTEZnAl . oor
?2 .-:: g ;E—t— Su:‘ace Xl\ O )h-\ 0 o
S rER- -u('-e-na-
? ; \D‘ 7278 gyriace L o a o o
§ 5 Stazs 0of 2lug X - (o] o] (o] o
G I : :
O |Yaximua Drawiag 7.4 7.2 7.5 7.2 - 7.3
IIT (€90 ya i qua 21
moenae S8 1.7 1.5 1.63 1.6 1.55

Remarks: 1.

2.

The compatibility is Lndlcated by the same manner as in

Table 7.

The test was conducted under the Drawing Test Conditions

IXI and III of Table 1l3.
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Table 9 (50°C Kinematic Viscosity about 80cét)
§¥0. OF T=sT SaMPLE Oin: H3____H6 - H7 H8 RS R6 R7 RS
% by weignc 3 0 ~ 53 . 43 51 57
of lubricating| A I 7
- components SL 9 : . 35 25 29 38
TO . , . ’
o n|. 46 . . 65
IL 01l . ' .
N IM4 a 57 , 75
I L3P .
¥R 9
G o ® : - . n
v
= c 43 62
]
Compatibility e 0 (o] Q o] 0 o o
390°C Xinemati -
Viscosity cst 147 149 155 152 150 151 149 154
D T C |State IRterzal A o . e ) & @ o )
2z0 los _Surifzce
I = s im Zxternal
A:g ?ize S liace o @ e o o) ) ] o
§ = |stats of 2Lug X © o. o X, © o o
G =
(o] Maximum Drawing. .
N |Loac s J7.0 6.8 6.9 6.8 7.1 6.9 6.9 6.8
I (Con ya < n1 . : 4
Thoaee 9 1.45 1.3 1.4 1.4 1.4 1.3 1.3 1.3
D7 ¢ |Staca Iatezzal X o o ) X o o )
AT 0 |ox W ZE==2se '
X = ate Extarnal
53 ‘; ?ize iizac 0 c) e e o c @ o
5 = | stace of P1ug X 0 e o X 0o e 3
G I .
O | Maxiaum Drawing . , - .
v | oag 7.4 7.2 1.4 7.3 7.5 7.3 7.2 7.2
TZ2 (97 yarciqum 2Thg : -
P 1.7 1.55.1.6 1.55 1.75 1.6 1.6 1.5

REHARKS: 1. The compatibility is indicated in the same way as in Table 7.

2. The test was performed b

y using the drawing test conditions
II and III in Table 13. T
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Table 10 - (Drawing Test)

0 242 040

NC. OF TE3T SavPL: OIL: Ho _ HI10 ®HIl _H1Z R9___RL0 _RIL RL2
% Dy weight 30 - ° -
of lubricating A I 765 57 62 68 S
componencs E L . 9 43 35 38 46 4 p
=0 ' vV R
32 h 35 57 E O
IL 0z, E ™ N D
N IM a 43 : : 65 T U
I L2 : 1 ¢
p 2 38 62 9
i v
z e 46 54 B
R
Compatibilitcy o] (¢) 0 0] 0 o) o) 0
50°C Xinematic 326 283 298 313 318 292 306 302 290
Viscosity cst .
DTC State InTeraal A ) 0 ) A o 6 6. 0
RT o of  SuI=2ce
Zxcernal
%f. g Pipe crosTe o @ ) c o ) e} G @
I I staze of 7iug ) e P © o 0 © o o
G = —
0 Maximum Drawing 7.0 6.8 6.8 6.8 7.1 6.8 6.9 6.8 7.0
N Load . .
I (ton) .
| Maxiium Plug 1.65 1.5 1.5 1.6 1.5 1.45 1.5 1.4 1.5
N m Sra=a. LoTeznal y
g -;. g ;;3.3 __§u:'.'scs . XX 0 (o] 0 XX 0 0 0
a3 i ZXzTarnal
b ; g TLF®  surzace ¥aY o o 0 A o o o
§ = Scaze of Plug XX o0 o o o o o o X
s :
3 2:::;_"‘-’“ prawing 7.4 7.2 7.0 6.95 7.5 7.2 7.2 7.3 7.4
IZZT(%90) ma i mum Plug 1.7

Thrust

1.5 l.6 1.5 1.65 1.5

1.6 1.55 1.65

Remarks: 1. The compatibility is indicated in the same way as in Table 7.

2. The test was performed by using the drawing test conditions
II and IITI in Table 13.

3. The conventional product used for comparison is G-755B
" (product name) from Nippon Kosakuyu Co., Ltd. .
lubricating oil for drawing, containing chlorinated paraffin
as the main component. 100°C - 30 cp.

It is a
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Table 1ll- (brawing Test)

DUFrIARPWD

NO. OF TEST 5&MPLE OIL: H13 }_&4 H1S5 Hleé R13 R14 R15 R16
- % dy weigit 30 .
of lubricating| A I 78 70 77 80
components S L . 50 44 48 53
= .
T O ,
BT 22 50
IL O0CZ "
N IM 30 56
I L P
N R 52
G ) 23
v
E 20 47
2
Compatibility o o o) 0 0 o) 0 0.
50°C Xinematic. 603 614 685 611 565 592 605 634
Viscosity cst : . : :
m - Iateraal ' o e e a e ) e}
- g gi‘ta _§u:f=cel &
e N i= £xTerna ,
s :g ?iz Suczaca o ) @ @ 0 e ) e
Z lstate of Plug ) ) ) © o ) ) o
o Mxypd v d
9 |fasimum Drawisg 7.1 6.9 6.8 -'6.8  7.25 6.8 6.8 6.8
Iz (=on)yaxizum 21w -
Torage 1.45 -1.4 1.45 1.4 1.55 1.45 1.45 1.4
A m Sna=a Iassrnal .
g;g Staze Siie X ) ) ) X @ @ @
1= Diw Tx=arnal
25 |77 suzzace o o ® ® o o o ®
§ ; Statz oF 2lug XX e e o) ®X I} e e
G =z -
Vi ep s =myy = q -
9 |farsmum Drawiag 7.5 7.3 7.3 7.3 71.55 7.2 7.3 7.25
ZZZ(eond vy s e :1‘71 )
piraipia 1.7 1.55 1.6 1.5 1.75 1.6 1.6 1.3

Remarks: 1. -

2.

The compatibility is indicated in the same way as in Table 7.

The test was performed by using the drawing test conditions

II and III in Table 13.-
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It was found from Tables 8 to 11 that burning is caused
less on the external and internal surfaces of the tested
materials (drawn pipes) when the oiliness improver is

compounded as the thinning oil, than that caused in the

lubrication performance shown by the case where the respective
polymers are used as the only component. In particular, those
diluted with oleic acid or phosphate are satisfactory in
lubricating performance, and also, those with higher viscosity
are proportionally higher in performance. In the case of

80 cst, slight burning was observed.” The case in which
mineral oil was compounded as the thinning oil was unsatis-
factory in performance.

Next, the burning resistance was checked for the samples
obtained by diluting them with a thinning oil (equal % by weight
compounding) prepared by combining not only one type but not
less than two types selected from lard, oleic acid and phosphate.

The thining ocils (equal % by weight compounding) were
prepared by combining not less than two types selected from
lard, oleic acid and phosphate, and the respective thinning
oils thus obtained were compounded (also in this case, the
compounding ratio was equal to each other among the components
in terms of % by weight) with 2-ethyl polyacrylate-hexyl ester
or polymethacrylic acid lauryl ester. Also, an adjustment
was made for the kinematic viscosity so that it became about
300 cst at 50°%C. In this manner, many types of test oils
were prepared. Together with the products (lubricants)
obtained by using the conventional art, the test oils were
tested by the drawing test under the drawing test condition
IV in Table 13, and the results shown in Table 12 were
obtained. The drawing test condition IV is 45.9% in
reduction of area, and this is a processing degree (draft)
close to the limit for the drawing of carbon steel pipe, for
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one time. If the draft is increased even slightly from it,
the material becomes ruptured.

From the results shown in Table 12, it was found that
the lubricants provided by this invention have a burning
resistance almost equivalent to that shown by the conventional
lubricants (those obtained by the chemical conversion coatings
and by the synthetic coating processing). Also, it was
found that when the metal face of the outer surface of the
steel pipe after the drawing conducted by using the lubricants
according to this invention was compared with such metal
surface drawn by using the conventional lubricant, the metal
surface resulting from the use of the lubricant according
to this invention is cleaner than that resulting from the use
of the conventional lubricant.

From the results obtained as mentioned above, it was
confirmed that the samples prepared by compounding the
thinning o0il that is composed of a single component selected
from oleic acid, lard and phosphate which are the oiliness
improvers, or that is composed of two or more types of
components selected from the foregoing oiliness improvers,
with either 2-ethyl polyacrylate-hexyl ester or polymetha-
crylic acid lauryl ester have excellent burning resistance
comparable to that shown by lubricants obtained by'chemical
conversion coatings or resin coatings.

Furthermore, since 2-ethyl polyacrylate-hexyl ester
and polymethacrylic acid lauryl ester are compatible with
each other, the thinning oil composed of a single component
or the combined components selected from oleic acid, lard
and phosphate may be compounded with the compound of 2-ethyl
polyacrylate-hexyl ester and polymethacrylic acid lauryl ester.
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Table 13 (List of Drawing Test Conditions)

e+Quality: Carbon Steel Pipe for Mechanical
Sample| Structure 0.2% C (STKM-13C)
Matter{sMaster Pipe Dimensions: Outside Diameter 25.4mm x
Tested| wall thickness 2.5mmt - «
\eQOil Supply: Immersion :

Dimensions after drawing Reduction

(outside diameter x wall in . Drawing
Condition thickness) Area - Plug Rate
I 19.00mmgd x 2.3mmt  32.9% Spherical g min
_ Plug
II 19.00mmg x 2.lmmt 38.0% - ggg‘;‘i"al 10m/min
IIT 19.00mmd x 1.9mmt 43.2% ggg;ri“l 10m/min
w - 19.00mmg x 1.8mmt 45.9% ggﬁ;ﬁcal 10m/min

As seen -ifi Tables 8 to 11, when the mineral oil ‘is added, the
lubricating performance of the polymers is lowered. However, for
example, in the area reduction brocessing for metal sheet, compared
with the drawing of steel pipe, the lubricating condition is considerably
easier. Therefdre, if an extremely low cost mineral oil can be added
without causing a significant lowering of the lubricating performance,
it is possible to use the mineral oil as a filler (extending agent), and
thus, it is economical. Accordingly, with respect to the lubricating
performance of the polymers in terms of the burning resistance in cold
plastic processing, the possibility of mixing mineral oil to make it
feasible to carry out cold plastic processing with a burning resistance -
that is higher than that shown by conventional oily lubricant although
it is lower than that shown by the conventional chemical conversion

coating lubrication and synthetic resin coating lubrication was
investigated. '

For the purpose mentiomed above, the inventors prepared test oils
by further compounding mineral oil, at various ratios, with the oily
lubricant obtained by compounding the above mentioned thinning oil with
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1-ethyl polyacrylate~hexyl ester. Then, by conducting an
area reduction (drawing) test, the relation between the

lowering in lubricating performance and the ratio of the

mineral oil compounded was checked. The results are shown

in Table 14, As is seen in this Table, each test o0il has a
lubricating performance range best suitable for the area
reduction (drawing) processing of metal sheet, that is
determined in accordance with the compounding ratio.
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Table 14 (Area Reduction Test)

A.

l.

Remarks:
Cylinder drawing (area redudtion) test condition

Punch diameter; 40 mm g, shoulder 4.5 mm R

V-Die diameter; 42.58 mm ¢, shoulder 9.1 mm R

Sample material tested; spec 0.8 mmt (cold rolled steel sheet)
Drawing rate; 20 M/min

Wrinkle press; 700 kg

O ... Drawing is succeeded, X ... Ruptured

cst ind%cates the kinematic viscésity a£ 50°cC.

For the prdduct according to this invention, the sample
H6 in Table 9 was used.

As the thinning o0il, the machine o0il 220 that is similar
to H6 in viséosity was used. »

As the coﬁmercial préss 0oil, No. 646 press machine oil
(métal working fluid) produced by Nippon ‘Kosakuyu (50°C
160 cst, with chlorine, - sulfur system extreme pressure
additive compounded) was used.

For the resin coating lubrication processing, a resin
coating type lubricant, commercial name "Lubcoat N-7"

from Nippon Xosakuyu, was used.
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Finally, for the sample materials for the drawing and
area reduction tests using the test oils according to this
invention obtained by varying the compounding ratio of the
components mentioned above, respectively, the following test
was conducted. That is, the sample materials were immersed
in an aqueous solution of 3 % sodium orthosilicate that was
heated to 60°C.  The result is that every sample could be
freed from grease completely. Also, no discoloration or
corrosion was caused to the steel material.

Ash should be apparent from the description given
above, the oily lubricant for cold plastic processing of
metallic material, that is provided by this invegtion, has
the following effects.

(1) while it is an oily lubricant, it has a burning
resistance equivalent to that shown by the chemical conversion
coating lubrication and the synthetic resin coating lubrication.
Consequently, various types of cold plastic processings in
which the quality of the resulting product was assured by the
chemical conversion coating lubrication and the synthetic
resin coating lubrication can employ the direct oil supply
system instead of the above mentioned coating lubricants.

Thus, the lubricating treatment becomes simple and less
troublesome. As a result, the process becomes simpler than
the process using the chemical conversion coating lubrication
and the resin coating lubricatien, and such direct oil supply
system can be applied also to the continuous processes.
Furthermore, various types of cold plastic processing products
which have been assured of their quality by chemical conversion
coating lubrication and synthetic resin coating lubrication are
easy to treat for the removal of lubricating oil after
processing due to the use of the oily lubricant. Thus, the
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metal surface becomes cleaner than that of products processed
by using chemical conversion coating lubrication or synthetic
resin coating lubrication. Also, when lubricating
performance can be a little lower, such as in the area of
reduction processing for metal sheet, mineral oil can be used
as a filler.

(2) As it contains not only extreme pressure additives,
but also other materials which are high in reactivity, the
metal material does not corrode, thus, the defects of oily
lubricants provided by prior art can be eliminated.
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CLAIMS

1. - An oily lubricant for cold plastic processing of
metallic material comprising one or both of the polymers
selected from 2-ethyl polyacrylate-hexyl ester and
polymethacrylic acid lauryl ester compounded with at least
one type of an ociliness improver which is liquid at room
tempeiature and which is compatible with said polymers,

as a{thinning 0il, in a predetermined ratio.

2. : An oily lubricant for cold plastic processing of
meté}lic material as set forth in claim 1, wherein said
oilihess improver is selected from lard, oleic acid,
phosphate, hindered ester, isostearic acid, or 018 saturated
higher alcohol and mixtures thereof.
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